Non-linear programming algorithms play an important role in structural design optimization. Fortunately, several algorithms with computer codes are available. At NASA Lewis Research Centre, a project was initiated to assess the performance of eight different optimizers through the development of a computer code CometBoards. This paper summarizes the conclusions of that research. CometBoards was employed to solve sets of small, medium and large structural problems, using the eight different optimizers on a Cray-YMP8E/8128 computer. The reliability and efficiency of the optimizers were determined from the performance of these problems. For small problems, the performance of most of the optimizers could be considered adequate. For large problems, however, three optimizers (two sequential quadratic programming routines, DNCONG of IMSL and SQP of IDESIGN, along with Sequential Unconstrained Minimizations Technique SUMT) outperformed others. At optimum, most optimizers captured an identical number of active displacement and frequency constraints but the number of active stress constraints differed among the optimizers. This discrepancy can be attributed to singularity conditions in the optimization and the alleviation of this discrepancy can improve the efficiency of optimizers.
DESCRIPTION OF COMETBOARDS
The basic organization of CometBoards is depicted in Figure 1 . The central executive with command level interface ( Figure 1 ) links the three modules (optimizer, analyser and data input) Examples (Pla-Pld).
Three-bar truss
The popular three-bar truss s' 37.41 (with modulus E = 30000 ksi and density p = 0.1 lb/in3.) was subjected to a single load condition. It had three design variables and six constraints (three stress, two displacement and one frequency). Optimum weight and CPU time are depicted in Table II ). Cray-YMP CPU time varied from 1-62 s for SLP to 11.22 s for RG.
Example P4. 25-bar truss
A 25-bar aluminum truss 37' as had eight linked design variables and was subjected to two load conditions. It had a total of 86 behaviour constraints (50 stress and 36 displacement 
Example P7. Geodesic dome
A geodesic dome, 39"4o with a diameter of 240 in. and a height of 30 in., was subjected to a single load condition.
It was modelled using 156 bars and 96 triangular membrane elements. The bars were made of a material with modulus E = 30000 ksi, and density p = 0.1 lb/in 3. Membranes were made of aluminum, with modulus E = 10000 ksi, and density p = 0. represents optimum weight and more than unity indicates over-design, while less than unity is infeasible design. For the purpose of comparison, a solution with constraint violation of less than 1 per cent and weight which is within 1 per cent of the best feasible design is considered correct.
A design is acceptable when the constraint violation is less than I per cent and the weight is within 5-0 per cent of the best obtained by the eight optimizers. Convergence to optimum weight for each of the eight optimizers follows.
(1) S UMT converged to optimum solution for 35 of 41 examples, which consisted of 17 small, nine medium, and nine large problems. SUMT failed for four problems. These are: one small problem (PS), two medium problems (P21 and P23) and one large problem (PSb). For the two medium problems, the SUMT solution was more than 1 per cent infeasible. For the large problem, SUMT gave an over-design of more than 5 per cent. OC failed for nine small, two medium and five large problems with an error in the optimum weight exceeding 5 per cent, as well as for three medium problems with an infeasible design greater than 1 per cent.
Number of active constraints at optimum
The number of active constraints at the optimum for all examples is given in It is suggested that code developers should address the singularity issue. Singularity alleviation as discussed in References 8, 41 and 42 can reduce computation and improve reliability of optimizers.
Default optimization parameters
Default parameters (such as convergence criteria, step length, stopping criteria, active constraint region, iteration limitations, etc.) specified by individual optimization codes were used to solve the problems. When a problem failed, the default parameters were changed according to the instructions specified in the user's manual of individual codes in an attempt to successfully solve the problem.
In the solution of the 41 test bed problems, it was necessary to change the default optimization parameters quite often in order to reach the correct solution. On an overall basis, 
